Background: Calotropis procera (C. procera), is an authentic plant naturally grown in the flora of Dead Sea region. Despite its toxicity, C. procera presents healing properties. However, it has not been implemented yet in cosmetics as an active ingredient. Objective: The biological effects of C. procera callus extract on skin were elucidated solely and in combination with Dead Sea water (DSW). Methods: The capability of C. procera extract to protect against skin inflammation and irritation was tested on ex vivo human skin organ culture by LPS and SDS addition respectively. Viability and cytokine secretion were evaluated. The combination of C. procera extract with Dead Sea water was tested on full thickness skin equivalents. Gene expression and relevant biochemical markers for glycolysis, hypoxia and extracellular matrix balance were tested. Results: C. procera extract exhibits a protective biological activity against skin irritation and inflammation at the biochemical level. Furthermore, a combination of C. procera extract and DSW demonstrates a potential contribution for skin wellbeing via enhance energy production, resistance to hypoxia and extracellular matrix balance. Conclusions: Topical application of C. procera callus extract might support skin balance and wellbeing at the molecular level. Hence, it is recommended for new cosmetic formulae as standalone or in combination with Dead Sea water, in the effort to achieve anti-aging bio-activity that is working beyond skin aging symptoms, especially via skin calming effects and skin energy enhancement.
Introduction
Authenticity is an increasing trend in last years' beauty business, changing popular list of ingredients to include more endemic ingredients in new cosmetic launches, especially selective minerals collected from specific lands, local springs, spas and seas, and extracts of endemic plants [1] . The growing awareness to side effects of synthetic drugs invigorates scientists exploring ethnic medicinal remedies as potential new actives for dermatological and cosmetic formulae.
The plant Calotropis procera, also known as "Apple of Sodom" is grown as a woody shrub in desert oases in the hot regions and is a native plant in the flora of Dead Sea region [2] [3] . The extracts derived from C. procera's different plant parts are believed to possess various powerful deeds including anti-bacterial, anti-inflammatory, anti-diabetic and anti-cancer [2] [3] [4] . In spite of its poisoning threats, various skin problems, such as wounds, sores, external infections, swelling and eczema, are treated by C. procera's preparations "prescribed" by traditional healers [2] [3] . Yet, C. procera has not been exploited yet as an active to be formulated in modern skincare products.
The benefits of Dead Sea minerals for skin health and beauty are well established and formulating Dead Sea different extracts, i.e. DS Mud, DS solid Salts and DS brines, are widespread in modern cosmetics [5] - [10] . Blending Dead Sea minerals and plant extracts were proven to have skin beneficial effects and different mineral-plant extract combinations are formulated and patented as innovative complexes for new cosmetic products [9] [11] [12] . Due to regulatory banning of animal tests [13] , skin models are effectively used today, looking for the bio mechanism beyond natural and pathogenic skin phenomena. The wish to successfully attenuate skin aging is the main engine of huge beauty industry [14] .
Skin aging reflects the accumulation of many damaged molecules during skin exposure to a broad spectrum of stressors [15] . This inevitable accumulation leads to the activation of "pro-aging" biochemical pathways and could eventually result with the appearance of skin aging symptoms and skin pathologies, dermatitis, rosacea, seborrheic and other pathological skin conditions including skin cancers [16] [17] [18] . Inflammatory processes are key mediators of the different pathways leading to skin aging and therefore, many research activities are targeting protective effects against inflammation using modern skin laboratory in vitro and ex vivo models [19] .
This work describes the results of a research, focused on the biological anti-aging and anti-inflammatory skin effects of a callus extract of the plant C. procera when topically applied and combined with Dead Sea water.
Methods

Preparation of Test Materials
Test materials consist of either C. procera callus extract, either Dead Sea water (DSW) extract (Osmoter), or their combination.
Calotropis procera Extract
Calotropis procera callus was developed from root explants grown under aseptic conditions on Murashige and Skoog medium [20] supplemented with 3% sucrose, 27 µM naphthalene acetic acid, 0.5 µM Thidiazuron and solidified with 0.25% gelrite.
Calotropis procera dried callus was grounded and callus powder was extracted with hot water by using a Soxhlet extractor during 3 h. After extraction, the solvent was partially evaporated, using a rotary evaporator (RC600, KNF). The concentrated solvent with the crude extract was frozen at −80˚C for 24 h and freeze-dried until complete dryness. Crude extract was ground and solubilized in vegetable glycerol and water at a final ratio of 4% crude extract, 16% water and 80% glycerol.
Chemical analysis by HPLC and mass spectroscopy of Calotropis procera callus extract: The dry extract was re-suspended in 250 µL of 80% MeOH. Prior to injection (20 µl) into the HPLC system, the sample was filtered through a 0.45 µm filter (Minisart RC4, Sartorius). Analysis of the presence of cardenolides was performed by an HPLC Jasco System instrument consisting of a pump (Pu-2089 Plus) and a diode array detector (MD 2018 Plus). The HPLC column was Luna 2 C18 (250 × 4.6 mm, 5 µm) fitted with a guard cartridge (Securityguard system, Phenomenex, France). A linear gradient at a flow of 0.7 ml/min was used for 25 min. The mobile phase consisted of a solvent A (ultra pure water) and a solvent B (pure Acetonitrile). Gradient was as follow: 0 -4 min 25% solvent B; 24 min solvent B increased to 50%; 29 min solvent B increased to 70% and 31 min 100% solvent B. All solvents used were of HPLC grade quality. Detection wavelength was 220 nm. Mass identification of major peaks was performed with an UPLC-ESI/MS consisted of a LC system Acquity I-Class UPLC with a PDA detector linked to a mass spectrometry Instrument Waters LCT Premier (Milford, MA, USA). The chromatographic separation was realized with a C18 UPLC Column (50 × 2.1 mm, 1.7 μm). The mobile phase consisted of A: water + 0.9% formic acid and B: 100% MeOH. The gradient (from 30% to 80% of B in 3 min) was eluted at a flow rate of 0.31 mL/min. Source voltage: 2000 V; sample cone: 30 V; desolvation: 350˚C; source: 120˚C; Gas Flow Cone: 10 L/h; desolvation gas: 400 L/h; using the full scan mode and a m/z range of 100 -1000.
Dead Sea Water (DSW) Extract
The major constituents of DSW (Osmoter TM by AHAVA) are the following ions:
(800 mg/L), Cl-(345,000 mg/L) and Br-(11,500 mg/L).
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Human Skin Organ Culture for Biological Tests
Ex vivo human skin organ culture (HSOC) [19] was used as a representative skin laboratory model for testing C. procera extract safety threshold and its protection against inflammation and irritation.
Human skin cultures were obtained from healthy females (age 23 -45) undergoing abdominal plastic surgery. The study was initiated at the day of surgery. Fixed size of skin pieces (0.64 cm 2 ) were cut from the skin tissue, using a designated press apparatus. The skin pieces were placed in culture medium (DMEM supplemented with 100 U/ml penicillin and 100 μg/ml streptomycin), dermal side down in the medium and epidermis up. The pieces were incubated overnight at 37˚C with 5% CO 2 for recovery for 24 hr.
Treatment with C. procera Callus Extracts for Dose Response Analysis
After recovery, C. procera callus extract was applied on the skin pieces topically The skin pieces were incubated for 24, 48 and 72 hr at 37˚C with 5% CO 2 .
After 24-and 48-hr, the second and third time point incubation groups were applied similarly. At the end of all incubations, the epidermis was peeled and its viability and apoptosis were evaluated.
Inflammation Induction by Lipopolysaccharides (LPS) and Treatment with C. procera Extracts
Fixed size of skin pieces (0.64 cm 2 ) was cut from the skin tissue, using a designated press apparatus. The skin pieces were laid in 6-well culture plates containing skin culture medium (DMEM supplemented with 100 U/ml penicillin and 100 µg/ml streptomycin), dermal side down in the medium and epidermis up. The pieces were incubated overnight at 37˚C with 5% CO 2 for recovery for 24 hr. To induce inflammation characteristics, fresh culture medium was supplemented with LPS (10 μg/ml), which was added to the skin pieces after recovery. Culture medium without supplements was used as negative, unstimulated control. In addition, glycerol:DDW (80:20) mixture was used as vehicle control group.
The dilutions of the C. procera extract were carried out in their original formulation, i.e., Glycerol: DDW (80%:20%) mixture. Naïve and LPS-stimulated cultures were treated without or with three non-toxic concentrations of the ex- The pieces were incubated for 48 hr at 37˚C with 5% CO 2 . At the end of incubation the epidermis was peeled and its viability was evaluated by MTT assay.
Concomitantly, spent medium from treated skin cultures was collected under standardized conditions (~1000 µl) and centrifuged at 1500 g for 5 min to remove particulates and cells. Clear supernatants were frozen at −70˚C for cytokines (IL-1β, TNFα) quantification.
Irritation Induction by Sodium Dodecyl Sulfate (SDS) and Treatment with C. procera Extracts
Fixed size of skin pieces (0.64 cm 2 ) was cut from the skin tissue, using a designated press apparatus. The skin pieces were laid in 6-well culture plates containing skin culture medium (DMEM supplemented with 100 U/ml penicillin and 100 µg/ml streptomycin), dermal side down in the medium and epidermis up. The pieces were incubated overnight at 37˚C with 5% CO 2 for recovery for 
Cytokines and Prostaglandin Quantification
Cytokines quantification of skin culture supernatants were analyzed with specific ELISA kits for TNFα, IL-1α and IL-1β (Biolegend) and for Prostaglandin E 2 (PGE 2 , Enzo Life Sciences) [8] . 
Reconstructed Skin Model
MatTek Full Thickness Tissues were placed into a 6-well plate containing 2.5 ml of assay medium and incubated overnight at 37˚C ± 2˚C and 5% ± 1% CO 2 [8] . Then, the assay medium was replaced with 5ml of fresh medium (37˚C ± 2˚C) and the tissues were treated topically with 0.4 g/L C. procera extract alone, 5 g/L DSW alone or with the combination of 0.4 g/L C. procera extract and 5 g/L DSW for 48 hours. At the end of the incubation period the surface of the tissues were rinsed with PBS to remove the test materials after which the tissues were homogenized (for RNA/proteins isolations) and the tissue culture media was collected (for ELISA methods).
RNA Isolation
Total RNA was extracted from 48 h treated MatTek EFT-400 full thickness skin tissues by RNAqueous kit (Ambion) followed by mRNA Amplification protocol (Ambion MessageAmp aRNA kit). Total RNA was reverse-transcribed to cDNA using a T7 oligo (dT) primer. Second-strand cDNA was synthesized and in vitro transcribed to aRNA. The RNA concentration was determined by Ribogreen assay reagent (Molecular Probes) using Thermo Labsystems Fluorskan Ascent FL 
Gene Set Enrichment Analysis (GSEA)
The GSEA software was downloaded from the Broad Institute (http://software.broadinstitute.org/gsea/index.jsp). The adjusted logFCs were used for ranking the whole transcriptome and GSEA (cut-off independent) was carried out as described previously (Subramanian et al., PNAS 2005) using the MSigDB v6.1 database category H. Enrichment of gene sets was considered statistically significant if the false discovery rate (FDR) was <0.05.
Immunoblotting
The Full Thickness Tissues were lysed in CelLytic MT Cell Lysis Reagent that were supplemented with protease inhibitor cocktail and proteins were resolved on 12% reduced SDS-PAGE and subjected to immunoblotting using the following specific Abs: anti-phosphofructokinase (PFK, F-7 clone, Santa Cruz Biotechnology), anti-Hypoxia Inducible Factor 1 (HIF1, H1alpha67 clone, EMD Millipore) and anti-GAPDH (Sigma Aldrich), which was used to normalize the data followed by secondary fluorophore antibody (Abcam). Detection was performed by BioRad Molecular Imager FX and Images analyzed using ImageJ image analysis software.
Fibronectin ELISA
Fibronectin quantification of skin culture supernatants were analyzed with specific ELISA kit (Takara Bio USA). Briefly, a series of fibronectin standards was prepared ranging from 0 ng/ml to 800 ng/ml. Next, 100 μl of either sample (collected Full Thickness Tissues culture media) or standard was then added to appropriate wells followed by the addition of 100 μl a peroxidase-labeled anti fibronectin antibody. Next, 100 μl of peroxidase substrate solution (hydrogen peroxide + tetramethylbenzidine as a chromagen) was added to each well followed
by the addition of 100 μl of stop solution (1 N sulfuric acid). The plate was read using a microplate reader at 450 nm.
Statistical Analysis
Averaged values are presented as the mean ± SEM. When comparing two groups, statistical significance was determined using a one way ANOVA or a two-tailed Student t test. p value < 0.05 was considered statistically significant.
Results
Phytochemical Analysis of Calotropis procera Callus Extract
Callus extract of C. procera was generated by hot water extraction and detailed The sustainable generation of C. procera biomass using plant biotechnology had a strong impact on the phytochemical profile of the water-based extract, as none of the known toxic compounds was present in detectable amount in the extract. We could only detect one compound (data not shown) with a molecular mass of 520 Da which could correspond to an unknown cardiac glycoside previously described in a close relative plant species, Calotropis gigantea [21] , suggesting a potential lower toxicity of such callus extract than the plant itself.
Dose Response for Safety Threshold
The aim of this experiment was to determine the concentration and time range, where each C. procera extract tolerated by the skin without causing a decrease in epidermis vitality. Figure 1 shows the dose-response and time course analyses in terms of viability and apoptosis. Figure 1(a) shows the impact of the different test items on cell viability by MTT. Except of SDS (10% vol/vol), which served as a positive control and significantly reduced viability in all time points by 41% -58%, no significant effect was detected by all C. procera extracts and their vehicle. 
Biological Activity of C. procera Extract against Skin Inflammation and Irritation
Based on the dose response tests results, three different C. procera extracts concentrations, which did not affect cells viability or apoptosis were selected: 0.2 g/L, 0.4 g/l, 0.8 g/L. These concentrations were tested for a protective effect against inflammation and irritation.
Inflammation was performed by LPS (10 μg/ml) addition to medium. Although LPS did no affect cell viability (Figure 2(a) ), the results show a signifi- to induce inflammation. Concomitantly, the explants were treated without or with the indicated concentrations for 48 hr. Then, TNFα (a) and IL-1β (b) levels in the spent medium were evaluated by ELISA. In addition, epidermis viability was measured by MTT assay (c). Values are expressed as means ± SEM. *p < 0.05 for differences from the control.; #p < 0.05 for differences from the LPS-treated control.
Irritation was induced by SDS (10% w/w) topical application. As shown in Figure 3 (a), SDS application led to a significant decrease in epidermal viability by 47% in untreated skin. Treatment with all C. procera extracts significantly abolished this viability reduction. SDS application also enhanced significantly the irritation-induced cytokines, IL-α and TNFα, by 4 fold and 2.5 fold than the untreated (control) respectively (Figure 3 (Figure 3(b) ). Additionally to inflammatory cytokine secretion, the lipid, prostaglandin 2 (PGE 2 ), secretion was significantly induced by 2.8 fold following topical application of SDS than control ( Figure   3 Unlike the effect of C. procera extract, treatment with their vehicle neither attenuated the induction of cytokines and PGE 2 nor abolished the reduction in epidermis viability.
Biological Activity of C. procera Extract in Combination with DSW Extract on Skin
In the second part of the study C. procera extract was combined with another Dead Sea regional active ingredient, Dead Sea water (DSW) to test their effect on protein/enzymatic biomarkers for each pathway. To investigate the role of hypoxia pathway in human skin under the combined treatment of C. procera extract + DSW, the expression of hypoxia-inducible factor 1 (HIF1) was measured.
HIF1 is a ubiquitously expressed heterodimeric transcription factor, which is known to be associated with mammalian cells ability to adapt hypoxia conditions [22] and involved also in skin biological processes, including wound healing and infections. Using immunoblotting approach, a significant increase expression of HIF1 by 15% was observed only after treatment with a combination of C. procera extract + DSW, unlike the untreated skin or skin treated with each
Sciences and Applications of the tested materials alone ( Figure 5(a) ). Glycolysis pathway was evaluated by the same experimental methodology for the marker Phosphfructokinase-1 (PFK1), a key enzyme involves the hydrolysis of ATP, a critical step in determining glycolytic flux and has been correlated with changes in cellular metabolism and physiology [23] . The results show a significant enhancement in PFK1 expression by 20% when skin was topically applied with combination of C. procera extract + DSW extract relatively to untreated skin or when treated separately with each of the tested ingredients alone ( Figure 5(b) ). The ability of C. procera extract and DS water extract to affect EMT physiologic processes was assessed by evaluating the amount of fibronectin secreted to culture medium.
Fibronectin is a key master of the extracellular matrix (ECM), forming essential connections between cell surface integrin receptors and structural components of the ECM, enhancing skin cells differentiation, assisting in regeneration and healing [24] . Figure 5 (c) indicates that both topical treatment with C. procera extract alone and the mixture of C. procera extract and DSW extract were observed to significantly increase fibronectin production by 22% and 20%, respectively.
Discussion
The fear from skin appearance of an old person is the engine of cosmetic industry and therefore, anti-aging products are the gold core of the huge worldwide cosmetic business. The anti-aging cosmetology main perception focus for many years had been on diminishing the typical skin aging symptoms or hiding them using a long list of skincare preparations, including products targeting skin deep wrinkles, fine-lines, age spots, discoloration, loss of skin young appearance re- The new anti-aging strategy, coping not only with skin symptoms, but rather, aiming to affect the biological mechanisms beyond symptoms appearance, has
(b) (c) Figure 5 . DSW and C. procera extract combined treatment induced skin related biological activities. MatTek full thickness reconstructed skin was treated without or with C. procera extract, DSW extract and their combination for 48 h. Then, tissues were homogenized and subjected to immunoblotting for testing (a) Hypoxia Inducible Factor 1 and (b) Phosphofructokinase expression levels. Simultaneously, the tissue culture media was collected and tested for Fibronectin accumulation (c) by ELISA. Values are expressed as mean RFU ± SEM normalized to GAPDH expression ((a) + (b)) or as ng/ml(c). *p < 0.05 for differences from the untreated control.
been evolved due to a better understanding of biological pathways in different levels as well as selection of more potent actives to affect the relevant biological mechanism. Many skin active ingredients are derived from botanical sources including plant extracts and oils. Some of the plants that are extracted known to be toxic, yet when formulated in moderate dose, i.e. small concentrations, are not poisoning and exhibit positive therapeutic skin effects [27] . This phenomenon is in line with the theory of "hormesis", which takes "toxic known substance" to be utilized as beneficial, when used in smaller concentrations [28] . Hence, more sophisticated treatment strategy can be designed by exploiting a diversity of substances considered as toxic. Furthermore, a combination of several substances might lead to additional positive outcomes, which were not observed on each ingredient as stand-alone.
The use of C. procera plant extract is an excellent example for taking a toxic plant and making it beneficial by treatment with small doses. Calotropis procera, grows in Dead Sea natural environment as a protected plant. Choosing Callus technology for plant extraction, in addition to attenuate the expression of toxic compounds, enable a controlled preparation of big amounts of extract in well-ordered quality without threatening the prevalence of a natural specie of its local flora. Plant extraction via callus technology is in line with modern trends and sustainable approach.
The new C. procera callus extract was then tested for biological activity on ex vivo human skin models, which might serve as a predictive tool. a. Different extract dilutions at concentrations from 4 g/L to 8 mg/ml were tested for safety. All of them did not show decrease in vitality parameters (viability and apoptosis).Three extract concentrations, at the safe range ( Figure 1 ) were chosen for further activity testing in terms of protection against inflammation and irritation, common skin manifestations also relevant to cosmetic treatment. Acceptable models for inflammation and irritation induction in laboratory are by the addition of LPS and SDS respectively [29] [30] . Still, clinical tests should be performed on human volunteers in order to support safety and activity claims. The SDS-induced skin irritation model is an experimental system allows monitoring the ability of the tested item to attenuate the deleterious impact of the SDS strong detergent of the irritant on skin surface. The hallmark of this system is the reduction of epidermis viability and the concomitant induction of specific inflammatory markers, particularly IL-1α, TNFα and PGE 2 [33] [34] . As expected, the viability decreased and the levels of three measured inflammation markers were significantly increased, following SDS treatment (Figure 3 ). In addition, the vehicle control was not differing from the untreated control.
Treatment with C. procera extract significantly abolished the decrease in epidermal viability and attenuated the elevation in all three tested biomarkers.
These results indicate that C. procera extract capable to alleviate irritation symptoms.
Due to the capability of the new C. procera extract to have a protective effect against inflammation and irritation, it had been further elucidated by it combination with Dead Sea water, another regional skin active. Dead Sea minerals are reported in literature for their therapeutic capabilities to treat a variety of skin diseases as well as for their beautifying cosmetic effects [5] [35] [36] . Dead Sea mineral-rich water (DSW; Osmoter™, a natural commercial composition of Dead Sea water) was combined with C. procera extract. In this part of the study the purpose was to test on skin models the effect of a mixture of C. procera + DSW extracts versus each active ingredient as stand-alone to search for the involvement of biological pathways that can contribute to skin well-being. The tests were carried out on skin equivalents. As a first step, a full micro-array gene expression screening was performed. A deep analysis on transcription level of gene expression could give a preliminary prediction of biological process, which might be involved. Notably, analysis only in gene level is a good starting point, but is not sufficient and additional tests are needed in the protein level. Comparison of the gene profiles of the treatment groups to whole transcriptome GSEA revealed interesting findings, in which biological processes that were significantly enriched, have an opposite direction in the combined treatment group compared to the DSW extract and the C. procera extract groups that were treated separately (Figure 4 ). These biological processes are linked to skin responses to hypoxia, glycolysis and to EMT. The observed processes can contribute to skin maintenance via better coping with stress, optimizing metabolic balance, and regeneration respectively. Therefore, they were further examined by evaluating representative protein/enzymatic biomarkers of relevant detected pathways to strengthen the assumption of their involvement. For each biological process, a representative biomarker was tested. HIF1 enzyme plays a key role in the cell resistance to hypoxia conditions [37] . PFK1 enzyme is crucial for ATP formation as part of glycolysis process [23] . Only treatment with the combination of C. procera extract + DSW demonstrated a significant induction of these two enzymes expression compared to each extract solely. Thus, combination of C. procera extract + DSW has surprising effect by their contribution to the processes of energy production and resistance to hypoxia. Together with gene expression results, a patent application had been submitted for the unexpected biological activity of this extracts combination (patent no. 2489269 RIGO/j). C. procera extract + DSW combination demonstrated also a significant induction in fibronectin enzyme expression. Of note, fibronectin participates in regeneration and healing process and might be related to EMT process [24] . Yet, treatment with C. procera extract as stand-alone also enhanced fibronectin expression.
In summary, the combination of C. procera extract + DSW is suggested to have superiority by affecting skin in both gene expression level and protein level following topical application. These effects might be in terms of glycolysis and energy production, coping with hypoxia and ECM regeneration.
Conclusion
The biological effects of C. procera callus extract on skin were elucidated in this study, solely and in combination with Dead Sea minerals. C. procera callus extract is a new active ingredient in cosmetic formulae, lately introduced to INCI list of ingredients and is the only cosmetic ingredient extracted of the plant C. procera. Study results on laboratory skin models reveal that C. procera extract exhibits a protective biological activity against irritation and inflammation at the biochemical level. Furthermore, a combination of C. procera extract and DSW extract demonstrates a potential contribution for skin wellbeing via increase energy production, resistance to hypoxia and ECM balance. Taken together, all M. Portugal-Cohen et al.
presented results suggest that C. procera callus extract might support skin balance and wellbeing at the molecular level. Hence, it is recommended for new cosmetic formulae as standalone or in combination with Dead Sea water, in the effort to achieve anti-aging bio-activity that works on the molecular level beyond skin aging symptoms, especially via skin calming effects and skin energy enhancement.
